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157] ABSTRACT 

A time -synchronous communication system comprises: 
fixed stations having distance measuring/time reference syn- 
chronization and maintaining unit, receiving/processing 
unit, transmitting/processing unit, and communication data 
processing management unit; mobile stations having dis- 
tance measuring/time reference synchronization and main- 
taining unit, transmitting/processing unit, receiving/ 
processing unit, and communication data processing 
management unit; and relay stations having distance mea- 
suring radio wave transmitting/processing imit, time refer- 
ence synchronization and maintaining unit, and radio wave 
relay unit for relaying transmission radio waves from the 
fixed stations and the mobile station. Each mobile station 
selects a specific fixed station communication radio wave 
from communication radio waves transmitted from the fixed 
stations by determining a mobile station reception timing to 
perform receiving/processing operation, and selects specific 
relay and fixed stations from the relay stations and the fixed 
stations by controlling a mobile station transmission timing 
to be synchronized with a reception timing determined by 
the specific fixed station to perform communication. 

8 Claims, 8 Drawing Sheets 
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TIME-SYNCHRONOUS COMMUNICAIION 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a tinne-synchronous com- 
munication system which is designed to be able lo easily and 
eflScienlly perform circuit connection and a receiving/ 
processing operation which are performed when bidirec- 
tional communication between mobile radio stations such as 
ships or automobiles scattered in a large area and a terrestrial 
fixed radio station is performed by using a plurality of 
satellites as radio wave relay means. 

The present invention makes it possible to construct an 
eflScient communication system for bidirectional message 
communication among automobiles, ships, airplanes, and 
the like which are scattered in a large area. More specifically, 
the efficient communication control required when satellites 
are used as relay stations is realized. The realization of a 
commimication circuit control scheme on the assumption 
that time synchronization is established as the base of the 
present invention becomes high with development of a 
recent precise clock technology and a precise distance 
measuring technology. 

With development of the satellite radio communication 
technology, satellite navigation or satellite communication 
are included in a public and general engineering field. For 
example, when a distance measuring radio wave from a GPS 
(Global Positioning System) satellite is received and 
processed, high-precision position measurement of a mobile 
station or the like and high-precision synchronization of a 
time reference can be performed. Therefore, in the fields of 
trafiSc control, operation management, search and rescue, 
and the like of mobile vehicles, a satellite position- 
measuring system such as the GPS is used as a matter of 
course, a position-measuring means and a time- 
synchronization means can be easQy obtained. 

On the other hand, as a radio communication means for a 
mobile vehicles, a bidirectional communication means such 
as a portable telephone or a personal radio is known. 
However, a proper mobile radio communication means 
which can be used at low cost in a large area including the 
ocean has not developed. The present invention makes it 
possible to extremely easily and theoretically perform 
mobile radio communication which can be used in a large 
area including the ocean. This mobile radio communication 
can be early realized on the field of international electric 
communication industries. 

2. Description of the Related Art 

A related art concerning the present invention will be 
described below. Of various communication systems, a 
communication system in which the transmission side 
spreads the spectrum of a transmission radio wave by the 
code of a pseudo-random noise (to be referred lo as PRN 
hereinafter) sequence to transmit the radio wave and the 
reception side inversely spreads the spectrum of the recep- 
tion radio wave by the same code to decode the radio wave 
has been widely used as a system having high resistance to 
radio interference or concealment, and the above commu- 
nication system is widely used as a code-division multiple 
access system (to be referred to as CDMA hereinafter) in a 
circuit connection method. In addition, a communication 
system in which a radio wave is transmitted within an 
assigned time slot, and radio waves having the same fre- 
quency are simultaneously used as carrier waves by a 
plurality of users is a mature technology as a time-division 
multiple access system (to be referred to as TDM A 
hereinafter). 



'5,402 
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Radio communication uses a principle that a radio wave 
having a certain frequency is used as a carrier wave, and the 
carrier wave is modulated by serial data to be transmitted. 
Therefore, on the reception side, the head of the serial data 

5 must be specified. However, in the CDMA, since the carrier 
wave is modulated by the PRN sequence code having a 
frequency higher than that of the serial data, the signal 
before spreading must be reproduced by inverse spcctmm 
spreading. When this inverse spreading is to be performed, 
the inverse spreading must be synchronized with the timing 
on the spectrum spreading of transmission side. For this 
reason, in a GPS developed in the U.S.A, the spectra of radio 
waves synchronously transmitted from a plurality of satel- 
lites are inversely spread, and, by using a delay time 
extracted in the inverse spreading, the difference between 
arrival times of a plurality of radio waves transmitted from 
the plurality of satellites is calculated to estimate the posi- 
tion of a reception point. 

In this manner, the CDMA technique is used in not only 
the field of communication which requires resistance to 

20 interference and concealment but also the field of measure- 
ment technique which requires precise time -synchronous 
conditions between the transmission side and the reception 
side. However, it is generally said that the CDMA uses a 
frequency at low efficiency, and the CDMA is slightly 

25 suitable for mobile communication for a large number of 
communication users. 

On the other hand, the TDMA is a multiple access system 
which is effective when the transmission rate of one com- 
munication circuit is considerably higher than a transmission 

30 rate required on the transmission side, and is a communi- 
cation system in which one communication circuit is divided 
into a plurality of time slots to be assigned to a plurality of 
communication users, so that the same communication 
circuit is simultaneously shared by the plurality of users. For 

35 example, assume that a plurality of mobile stations are set as 
a transmission side, and that one fixed station is set as a 
reception side. In this case, when the fixed station provides 
timing information for specifying a time slot to be used to 
each mobile station, radio waves can be continuously 

40 received in time series without congesting the radio waves 
from the plurality of mobile stations, llierefore a bidirec- 
tional mobile communication system can be constructed 
when data is transmitted from the fixed station to the 
plurality of mobile stations in a time divisional manner 

45 Consequently, the TDMA is effective as a method of 
efficiently using a communication circuit having a high 
transmission rate by a plurality of users. However, when one 
radio circuit is used by a large number of mobile stations, 
there are a large number of problems to be considered in 

50 circuit control such as setting of guard lime, assignment of 
circuits, and synchronization of communication timing. 

Although the communication technique such as the 
CDMA or the TDMA has the above problems, these tech- 
niques can also be easily used in space communication. 

55 Especially, the CDMA is expected to be frequently used in 
a telephone circuit using a satellite in the near feature 
because of its excellent concealment or resistance to inter- 
ference. However, although an amount of data transmitted at 
a time from each mobile station is small, when a message 

60 communication system which can be used at low cost is 
constituted on the assumption that a very large number of 
mobile stations are simultaneously used, the codes of a large 
number of PRN sequence whose low correlation properties 
in the CDMA are prepared, and these codes must be 

65 assigned to the respective users. Therefore, the communi- 
cation techniques have a large number of problems on the 
cost of apparatuses and the facilities of operation. 
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In case of message communicalioD, since a period of large number of accommodated users cannot be achieved, 
circuit connection time of one mobile station is relatively The present invention has been made to design a decrease in 
short, the eflSciency of use of circuit is degraded in a receiving/processing load of each base station and efficient 
conventional demand assignment scheme for assigning a combination to a terrestrial communication network in corn- 
radio circuit in correspondence with a request from a mobile 5 munication (mobile station to terrestrial fixed station) made 
station. In particular, this problem conspicuously appears in by using a satellite as a relay station. It is an object of the 
case of the TDM A system. More specifically, in order to present invention to provide a lime-synchronous communi- 
avoid congestion of circuits, circuit connection is generally cation system in which mixed radio waves transmitted from 
required by a mobile station first, and a fixed station a large number of mobile stations in a omni-directional 
(terrestrial station) performs circuit assignment. However, in 10 manner and having the same code spreading are received 
message commimication having a small amount of informa- and processed while being chosen by a fixed station so as to 
tion transmission, a period of commimication time for easily and efiSciently perform communication circuit con- 
circuit connection occupies a large part of a total period of nection for a large number of users, 
communication time. In order to achieve the above object, the first aspect (claim 

In mobile communication using a satellite as a relay is 1) of the present invention is constituted as follows. More 
station, mobile stations are scattered in a large area, an specifically, a time-synchronous communication system 
arrival time of a mobile transmission radio wave reaching a which is constimted by a plurality of mobile stations, a 
fixed station through a satellite is dispersed depending on plurality of relay stations and a plurality of fixed stations, 
different radio wave propagation distances. Therefore, in and which perform bidirectional communication between 
order to prevent interference of communication circuits, a 20 the mobile stations and the fixed stations through the relay 
guard time between time slots must be set to be large. In this stations for performing spectrum spreading and inverse 
manner, the conventional connection scheme of communi- spectrum spreading to communication radio waves is char- 
cation circuits is not completely efficient for message com- acterized in that: each fixed station has time reference 
munication using a satellite. synchronization and maintaining means for accurately main- 

Bidirectional communicaUon using a satellite employs a '^^'"8 ^ f™"* Kkrenct which can be synchronized with 
multiple access system in which inquiry (polling) signals are considered as a common time reference in the corn- 
sequentially transmitted from a fixed station to all mobile munication system, receiving/processing means for 
users, and the users respond to the polling signals. However. '"^'ff !y spf^^ding only a spread spectrum radio wave 
this system camiot be caUed a communication system in '"^"'^ synchromzed with a surt epoch of a rece.vmg/ 
which a large number of useis who want to aibitrarily make '° Pra^ssmg operation determmed on the basis of the common 
communication as needed can be accommodated. reference, i.e., a fixed station reception timmg to 
^ , „. . . . perform the receiving/processing operation, and 

Another problem of mobile satemte commumcation using transmitting/processing means for transmitting a spread 

a sateUite as a relay station is posed when a plurality of ^^^^ ^^^^ ^ superposing fixed station 

satellites are arranged in the sky Smce the antenna of a 35 ^j,^;, j^,, ^^^^^ ^ , g^.j ^jjii^n portion, a fixed 

mobile sution is generally omni-direcuonal. a radio wave ^^^^^^ transmission timing, or the fixed station reception 

transmitted from the mobUe station is received and relayed ^-^^ ^^^f, ^ j^^j determine a mobUe station 

by all the satelhtes arranged m the sky and then transmitted i^^^mi^ion timing on the mobile station side and general 

to the terrestrial fixed station, llierefore. all radio waves i^fonu^^Uyn provided from the fixed stations to the mobile 

reaching the fixed station through a plurality of satellites are ^ ^..^j^^^^ ,„ jj,e mobile stations through the relay stations; 

received, the receiving/processing apparatus of the fixed ^^^j^ ^^^^ile station has time reference synchronization and 

stauon increases m scale, and pioce^mg of the received maintaining means for maintaining a local time reference 

radio waves becomes severe. This is because transmission u • ^ -.u .u *■ c ■ * / 

^ „ , .1 i^v-wau^ iiau^ujiooiwii synchronizcd with the common tune reference, receivmg/ 

radio waves of aU the mobUe stations are extracted from n^^ans for receiving and processing only a spread 

asynchronous radio waves reaching the fixed station at spectrum radio wave which is synchronized with a mobUc 

various timing in a hybnd manner When mobUe stations or ^^^^^^ ^^^^^^^ determined on the basis of a radio 

fixed stations mcrease m number, degradauon of operation ^^^^ propagation time between the mobile station and the 

efficiency of the communication system caused by the above g^^^ ^^^^^^ calculated on the basis of a fixed station-relay 

problem is expected to be more senous. ^^^^^^ ^^^^^^^ ^ ^^j^y station-mobile station distance 

As described above, the code-division multiple access 50 related to a relay station selected as relay means and the 

system (CDMA) using spectrum spreading modulation is fixed station transmission timing in the fixed station circuit 

used as a military communication having strong to radio control data of a fixed station selected as a destination 

wave interference or a space communication system capable receiver (receiving partner), and transmitting/processing 

of demodulating faint radio waves, and the time-division means for transmitting a spread spectrum radio wave which 

multiple access system (TDMA) is used together with a 55 is synchronized with a mobile station transmission timing 

frequency-division multiple access system (FDMA) as a determined on the basis of a radio wave propagation time 

technique which has been mature in terrestrial communica- between the mobile station and the fixed station and the fixed 

tion and satellite communication. However, even if these station reception timing in the fixed station circuit control 

known communication systems are combined to each other data of a fixed station selected as a specific transmitter 

as a multiple access system for bidirectional message com- go (transmitting partner); each relay station has relay means for 

munication using a plurality of satellites and a large number receiving a spread spectrum radio wave from an unspecific 

of fixed stations as radio base stations, an efficient satelhte mobile or fixed station to transmit the spread spectrum radio 

communication system cannot be obtained. wave to the unspecific fixed or mobile station, and 

SUMMARY OF THE INVENTION transmitting/processing means for notifying relay station 

csuMMAK Y ut 1 rtti ifN viiiN J luiN ^^.^ ^^^^ required to calculate local positions at respective 

llie present invention has been made in consideration of limes; and each mobile station has a function of selecting a 

a problem that sufficient communication efficiency and a specific fixed station communication radio wave from com- 
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munication radio waves transmitted from the plurality of following bidirectional mobile communication system can 

fixed stations by determining the mobUe station reception be realized. That is, when each mobile station only deter- 

timings to receive and process the specific fixed station mines a mobile station reception timing by the receiving/ 

communication radio wave and selecting a specific relay processing unit, a specific fixed station communication radio 

station and a specific fixed station from the plurality of relay 5 wave can be easily selected from communication radio 

stations and the plurahty of fixed stations by controlling the waves transmitted from the plurality of fixed stations; and 

mobile station transmission timings to be synchronized with when a mobile station transmission timing is determined by 

a reception timing determined by the specific fixed station to the transmitting/processing means, a specific relay station 

transmit/process a mobile station communication radio and a specific fixed station can be easily selected from the 

wave. plurality of relay stations and the plurality of fixed stations. 

Acomposite communication system simultaneously using In addition, when each fixed station only specifies a fixed 

the CDN4A and the TDMA to obtain the merits of both the station reception timing, a specific mobile station commu- 

circuit connection systems is a system in which one circuit nication radio wave is selected from mixed radio waves, 

assigned by the CDMA is shared by a plurality of users therefore the redundancy of a receiving/processing opera- 

accordmg to the TDMA. For example, if the size of data 1^0^ ^nd a connection operation to another communication 

transmission performed once by one user is set to be about ^^^^^^y^ ^e reduced. When fixed station transmission 

1 kbits, and the data transm^ion rate of one circuit of code determined for the fixed stations, respectively, 

division IS set to be about 5 kbps, according to the TDMA • . _f *u u i * * -J u 

... . , . 1 • ' L L . J radio wave mterierence on the mobile station side can be 

in which a tunc slot interval is set to be about 0.2 seconds, , , 

recluceo 

one circuit can be accessed by three thousand users once an 

average of 10 minutes. In addition, when 500 types of 20 More specifically, a conventional mobile commumcauon 
spreading codes are prepared, and one user accesses once an system is suitable for communication such as radio tele- 
average of one hour, about nine million users can be phone communication in which once a communication 
accommodated. Therefore, even in a communication system circuit is connected, the circuit is continuously used for 
in which the CDMA and the TDMA are simultaneously several minutes, but this mobile communication system does 
used, a communication system in which an extremely large 25 not transmit a small size of data at high efficiency, and is not 
number of users can be accommodated can be constructed, suitable for circuit connection system in mobile satellite 
when message communication having a small size of trans- communication in which a plurality of satellites are used as 
mission data is made. relay stations. In contrast to this, according to the first aspect 

However, even if the CDMA and the TDMA are simply of the present invention, time synchronization between the 
used at once, the communication eflSciency and operability 3Q fixed station and the mobile station and transmission/ 
of a mobile communication system using a satclUte as a reception timings on the fixed station side are set, any one 
relay means cannot be improved. More specifically, since of the fixed station transmission/reception timings to be 
general mobile satellite communication is made by a omni- informed to the mobile station side is selected, and 
directional antenna, when a plurality of satellites are transmission/reception based on the selected fixed station 
arranged, a radio wave from one mobile station is relayed by 35 transmission/reception timing is performed, so that the 
a plurahty of satellites. Further, the relayed radio wave is mobile station can select a destination station in this com- 
received and processed at random by a large number of munication. Such a communication system need not trans- 
terrestrial stations because the CDMA is used. Therefore, mit an inquiry (polling) radio wave or the like, and the 
circuit control at the terrestrial fixed station becomes com- efi&ciency of use of communication circuit is improved. In 
plex. As a result, the efficiency of use of circuit routes is 40 addition, when only appropriate reception timings are 
considerably degraded. increased in number, the probability of interference of 

In contrast to this, according to the first aspect of the communication radio waves can be reduced, 

present invention, the following operation principles are As a field in which the first aspect of the present invention 

used. That is, the principles of the CDMA and the TDMA are can be most effectively used, the field of mobile data 

both used with related synchronization timing, aU the radio 45 communication tising a satellite is known. The data com- 

stations of a communication system constituted by fixed munication is efiBcient because an amount of information in 

stations (terrestrial stations), mobile stations, and relay sta- data communication is generally several hundred times an 

tions (relay sateUites) are synchronized with each other at a amount of information in voice communication. Therefore, 

common time reference, this synchronization is kept to not only radio waves as limited resources can be effectively 

accurately adjust transmission timings of communication 50 used, but also, when satellite communication circuits in the 

radio waves between aU the mobile stations and all the fixed first aspect of the present invention are efficiently used, a 

stations. The transmission timings are informed to the recep- low-cost bidirectional message communication means can 

tion side, and the reception side performs inverse spectrum be provided to a large number of users. If the costs of 

spreading with reference to a reception timing which is communication equipment in satellites and terrestrial sta- 

expected on the basis of the transmission timings. At this 55 tions and mobile terminal apparatuses can be reduced to a 

time, a communication radio wave whose liming is out of proper level, the time-synchronous communication system 

the reception timing can be removed. This is based on the according to the first aspect of the present invention may be 

following two principles. More specifically, a radio wave realized as a satellite communication industry for providing 

subjected to spectrum spreading by a PRN sequence code is a bidirectional data communication service corresponding to 

still noise unless the same PRN sequence code is used as an 60 a large area in place of the conventional unidirectional 

inverse spectrum spreading code, and signal demodulation pocket bell service. 

cannot be performed unless synchronization is performed According to the second aspect (claim 4) of the present 

such that the head of the PRN sequence code of a reception invention, a time-synchronous commimicatioo system is 

radio wave coincides with the head of the code used in characterized in that, in the time-synchronous communica- 

invcrse spreading. 65 tion system according to the first aspect of the present 

With the system constituted as io the first aspect of the invention, the relay stations for relaying a communication 

present invention by applying the above principles, the radio wave from the fixed station or the mobile station are 
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omitted, a radio wave propagation time between the mobile measured by bidirectional communicalioo between the 
station and the fixed station is determined on the basis of mobile station and the fixed station, and a mobile station- 
only the straight distance between the mobile station and the relay station distance can be calctilated on the basis of a 
fixed station, so that bidirectional communication between propagation lime of a GPS distance measuring radio wave, 
the mobile station and the fixed station is performed. 5 However, when the relay station transmits a distance mea- 
In mobile communication in a limited area, no relay suring radio wave synchronized with a GPS satellite, the 
station may be required. In this case, the function of the relay relay station supplementally serves as a distance measuring 
station is absorbed in the fixed station, and the fixed station- radio wave source when GPS satellites which can receive 
relay station distance may be considered as zero. The second radio waves decrease in number. 

aspect of the present invention describes the arrangement of ^0 @ When the number of satellites including a GPS 
a time-synchronous communication system according to the satellite and a relay station (relay satellite) which can 
above mode. This time-synchronous communication system transmit distance measuring radio waves is set to be equal to 
can have the same function as that of the first aspect of the or larger than 4, the position of the mobile station and a 
present invention while a relay station is omitted. time-synchronous deviation (clock ofiket) can be simulta- 
According to the third aspect (claim 7) of the present neously measured on the basis of the same principle of a 
invention, a time-synchronous communication system is GPS positioning system (asynchronous positioning). In this 
characterized in that, in the time-synchronous communica- case, bidirectional communication between the mobile sta- 
tion system according to the first aspect of the present tion and the fixed station is not necessary, 
invention: each relay station has time reference synchroni- (5) When the number of relay stations (relay satellites) is 
zation and maintaining means for maintaining a local time more increased, a positioning communication composite 
reference in accurate synchronism with the common time system which does not depend on the GPS can also be 
reference, and distance measuring radio wave transmitting/ constructed. 

processing means capable of transmitting a distance mea- 0 When a distance measuring radio wave is transmitted 

suring radio wave in synchronism with the local time fi-om the relay station, the precise orbit of the relay station 

reference in place of the transmitting/processing means; can be easily determined, 
each fixed station has distance measuring/time reference 

synchronization and maintaining means for receiving the BRIEF DESCRIPTION OF THE DRAWINGS 
distance measuring radio waves from the plurality of relay 

stations to measure the distances between the relay stations ^ '^^ ^^^^^ diagram showing the entire arrangement 

and the fixed stations and synchronize time references with ^° of a time-synchronous communication system according to 

each other in place of the time reference synchronization and embodiment of the present invention. 

maintaining means; each mobile station has distance FIG. 2 is a view showing basic constituent elements 

measuring/time reference synchronization and maintaining required in a single fixed station, a relay station, and a 

means for receiving the distance measuring radio waves mobile station which constitute a specific communication 

from the plurality of relay stations to measure the distances link in the embodiment shown in FIG. 1, and the functional 

between the relay stations and mobile stations and synchro- relationship among these constituent elements. 

nize time references with each other in place of the time FIG. 3 is a block diagram showing the entire arrangement 

reference synchronization and maintaining means; each of a time-synchronous communication system according to 

mobile station has a function of selecting a specific fixed another embodiment of the present invention. 

station communication radio wave from communication pjQ 4 ^ ^ ^^^^ showing basic constituent elements 

radio waves transmitted from the plurality of fixed stations required in a single fixed station, a relay station, and a 

by determmmg the mobUe station reception timings to ^jobile station which constitute a specific communication 

receive and process the specific fixed station communication i^e embodiment shown in FIG. 3, and the functional 

radio wave and selecting a specific relay station and a relationship among these constituent elements. 

specific fixed station from the plurality of relay stations and i-i^ £. ■ . . • . 

1 1'. r i= J * *• L * i»- .u i_ i rlCi. 5 is a block diagram showing the entire arrangement 

the plurahty of fixed stations by controlling the mobile - . ^ . ° , . 

... . L u • J of a time-synchronous communication system accordmg to 

station transmission timmgs to be synchronized with a ... ^.-^ ... . r /- 

- -ju.u -ncj*.' * still another embodiment of the present mvention. 

reception timmg determmed by the specific fixed station to ^ 

transmit and process a mobile station communication radio P^^. 6 is a view showing basic constimem elements 

wave, and the each fixed station and the each mobHe station squired in a single fixed station and a mobile station which 

have a function of measuring arrival timings of distance constitute a specific communication link in the embodiment 

measuring radio waves transmitted from a GPS satellite and shown in HG, 5, and the functional relationship among 

the relay station or only the relay station to perform self- ^^^^^e constituent elements. 

contained position measurement/time synchronization. FIG. 7 is a concept view showing a principle of time 

As described above, when the time reference synchroni- synchronization between a mobile station and a fixed sta- 

zation and maintaining means and distance measuring radio ^^^°* 

wave transmitting/processing means are arranged in each FIG. 8 is a timing chart showing a timing at which the 

relay station, and the distance measuring/time reference heads of communication radio waves from a plurality of 

synchronization and maintaining means are arranged in each mobile stations using the same code reach a fixed station in 

mobile station and each fixed station, the function of the the embodiment shown in FIG. 1. 
communication system according to claim 1 can be 

strengthened, a self-contained function serving as the fol- DESCRIPTION OF THE PREFERRED 

lowing position -measuring system can also be achieved. EMBODIMENTS 

More specifically, 65 Embodiments wUl be described below. FIG. 1 is a block 
(D In general, in the time-synchronous communication diagram showing the entire arrangement of a time- 
system, the synchronous deviation of a time reference is synchronous communication system according to an 



06/11/2002, EAST Version: 1.03.0002 



5,875,402 

9 10 

embodiment of the present invention, and FIG. 2 is a block claims 4 to 6. This arrangement is shown in FIG. 5. In 
diagram showing the internal arrangements of a single fixed consideration of a specific link used in this case, FIG. 6 is a 
station, a relay station, and a mobile station for achieving the block diagram showing the internal arrangements of a single 
time-synchronous communication system in consideration fixed station and a mobile station for achieving a time- 
of a specific communication link. This embodiment corre- 5 synchronous communication system, 
sponds to claims 7 and 8. Referring to FIG. 1, reference The detailed arrangement of this embodiment v^dll be 
numeral 100 denotes a fixed station group constituted by a described below with reference to FIG. 2. In consideration 
large number of fixed stations 101 and a main fixed station of a specific communication link, FIG. 2 is a view showing 
102; 103A, a mobile station group constituted by a large the basic constituent elements required for a single fixed 
number of mobile stations 103; 104A, a relay satellite group station, a relay station, and a mobile station for achieving a 
constituted by a large number of relay stations (satelHtes) time-synchronous communication system, and a functional 
104; 105A, a distance measuring satellite group constituted relationship among these basic constituent elements. Note 
by a large number of GPS satellites 105; and 106, a that FIG. 2 shows a communication system corre^onding to 
terrestrial communication circuit network. ^^^^ ^- fixed station 101 performs bidirectional corn- 
Each relay station (satelhte) 104 comprises a repeater 35 munication to the mobile station 103 by using a receiving/ 
(transponder) which relays radio waves 110 and 111 from P^cessmg means 201 and a transmittmg/processing means 
the fixed stations 101 and the mobile stations 103 and 202 on the basis of a tmie reference mamtamed by a distance 
transmits radio waves 112 and 109 to the mobile stations 103 measurmg/Umc synchronization and maintainmg means 
and the fixed stations 101. The orbital elements of the relay ^00. Commumcation data m this bidirectional communica- 
station 104 is accurately determined by a sateUite tracking connected to the terrestrial communication circuit 
control network, and broadcasted to the mobile stations 103. ^^^^yj" commumcation data processmg manage- 
The relay station transmits a distance measuring radio wave ^^^^ means 203. 

113 similar to a distance measuring radio wave 114 from the mobile station 103 performs bidirectional communi- 
GPS saleUite 105, and a measurement of the relay station- ^^^^^^ ^^^^ station 101 by using a receiving/ 
mobile station distance and a synchronization of a time 25 Processing means 209 and a transmittmg/processmg means 
reference between the fixed station and the mobile station ^08 on the basis of a time reference maintained by a distance 
can be easily performed by using the relay station 104. For measuring/time reference synchronization and maintaining 
such distance measurement and time synchronization, the means 207. Commumcation data in this bidirectional com- 
distance measuring radio waves 113 transmitted from aU the munication is connected to the communication data input/ 
relay stations 104 are synchronized with each other. In 30 °^^P^^ apparatus of the mobile station 103 by a communi- 
general, the mobile stations 103 are designed to simulta- cation data processing management means 210. The relay 
neously receive and process the synchronous distance mea- station 104 maintains time reference synchronism with the 
suring radio waves 113 from the plurality of relay stations station 102 by using a time reference synchro- 
104 nization and maintaining means 205 and a distance measur- 
However, assume that the orbital elements of the relay 35 ^^^io wave transmittmg/processing station 204 to pro- 
station 104 are notified, the position of the mobile station ^^^^ "^^^^f^^ measunng radio wave 113 to the mobile 

103 can be measured by another distance measuring means ^^^^^^^ usmg a radio wave relay means 206, radio 
such as a GPS satelhte, and that the time references of the ^^^^^ ll^/^^^ ^^^^ 

fixed station 101 and the mobile station 103 can be syn- station are repeated to transmit the communication radio 

chronized with, e.g., a GPS time reference. In this case, it is 40 ^'"^"^ ^""'^ ^^^^ "'^^'^^^ 

not a necessary condition that the distance measuring radio ^ ^ method of performing time synchronization between 

wave 113 from the relay station 104 is transmitted. In this ^^^^^ stations (fixed station, relay station, and mobile 

manner, the arrangement in which a distance measuring "^^^^^ serves as the precondition of the present 

radio wave from a relay station is not transmitted is the invention, a method based on a position-measunng principle 

arrangement of a communication system corresponding to 45 ^ n^^thod of calculating the position of a 

the invention according to claims 1 to 3. Tht arrangement of ^^^^^^ station and a time offset (deviation) on the basis of 

the communication system is shown in FIG. 3. In consid- ^^e arrival time difference between distance measunng radio 

eration of a specific communication link used in this case, ^^^^^ synchronously transmitted from a plurality of radio 

FIG. 4 is a block diagram showing the internal arrangements ^^^e sources whose positions are known, a method of 

of a single fixed station, a relay station, and a mobile station 50 calculating the distance between radio stations and a time 

for achieving a time-synchronous communication system. In offset by bidirectional communication between the radio 

this case, as shown in FIG. 4, a distance measuring radio stations, or the like is known. Although these are known 

wave transmitting/processing station 204 and a time refer- techniques, the later will be briefly described below, 

ence synchronization and maintaining means 205 which are FIG. 7 is a concept view showing a principle of time 

present in the relay station 104 in the embodiment shown in 55 synchronization between a mobile station and a fixed sta- 

FIG. 2 can be omitted. In this case, however, it is an tion. A case wherein the time references of the fixed stations 

assumption that another means for determining the orbit of and the mobile stations are synchronized with each other 

the relay station 104, for example, a means for measuring the will be described below. Referring to FIG. 7, assume that 

fixed station -relay station distance and a time change rate distance measuring radio waves transmitted from the fixed 

thereof and precisely measuring the ori^it of the relay station 60 mobile stations in synchronism with time references for 

104 is present. the respective stations are repeated by the relay stations 
The relay station 104 is sometimes unnecessary in mobile (satelHtes) and received by both the fixed and mobile 

communication in a Umited area. In this case, the function of stations. In this case, pseudo propagation times t„ and t^, of 

the relay station 104 is absorbed by the fixed station 101, and ^^e distance measuring radio waves are measured by the 

the fixed station-relay station distance is regarded as zero. 65 ^^^^^^ ^^^^ stations, and the followmg relational 

This arrangement becomes the arrangement of a communi- equations (1) and (2) can be obtained: 

cation system corresponding to the invention according to '«+'c=(^6+Oc (i) 
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iiric-V6+P.)l<: (2) present invemioo, and can also be operated to improve 

commuoication eSciency. 

Where P, and P„ are real ranges between the fixed slaiiona^ ^^^^^ ^^^^.^^ 1^3 ^^^.^^^ ^^^^ ^^^^ 

the relay station and between the relay station and the mobde transmitted from the fixed station 101 and receives the radio 

station, respecuvely; t, is a time ofisei between the mobile ^ ^^^^^ transmitted from the relay station 104 or 

suiion and the fixed station; and c is a light veloaty. On the ^PS satellite 105 to accurately measure the self-position 

basis of equations (1) and (2), the foUowmg equation (3) can ^y^^^ ^^^^^^^ ^^^^^ ^^^^^ 1^3 ^^^ile sUtion 

be obtained. ^ra^jsmiis the radio wave 111 to the fixed station 101 at 

t -((t-/ )/2 (3) accurate timing. The mobile station 103 knows a fixed 

10 station transmission timing notified by the fixed station 101 

For this reason, when the pseudo propagation times t„ and lb to receive and process only a communication radio wave 

which are measured by both the mobile and fixed stations are from a specific fixed station 101. 

notified to each other, the lime ofiset can be calculated in When the relay station-mobile station distance is rep re - 

both the mobile and fixed stations. Therefore, when the time sented by R, and the fixed station-relay station distance is 

reference of either clock of the two clocks is moved forward is represented by L, a radio wave propagation delay time ATI 

or backward by t^ on the calculation process, synchronous in the communication between the fixed station and the 

time reference can be applied to both the fixed and mobile mobile station is calculated by ATl«=(R+L)/c, where c is the 

stations. speed of light. Therefore, assume that the distances R and L 

Although the lime-synchronous communication system are known, that the time references of the fixed station 101 

according to the present invention can be used as not only a 20 and the mobile station 103 are synchronized with each other, 

communication means but also a posit ion -measuring means, and that a transmission timing is determined. In this case, 

a satellite system obtained by combining the position- arrival time of a radio wave can be estimated. For this 

measuring function and the communication function is a reason, when inverse spectrum spreading is performed at 

known technical manner. Therefore, the detailed description this timing, a receiving/processing operation can be per- 

related to the satellite system will be omitted. 25 formed to a specific selected transmitter. 

llie fixed station (terrestrial station) 101 is a communi- In a time-synchronous commimication system based on 

cation control station whose position is accurately measured. the above common time reference, the fixed station 101 

The fixed station 101 transmits data to the mobile station serving as a host notifies the mobile station 103 serving as 

103, receives data from the mobile station 103, and, if a guest of transmission and reception timings as numeral 

necessary, exchanges data with the terrestrial communica- 30 data. When the mobile station side performs only transmis- 

tion circuit network 106 and controls circuit connections sion at a transmission timing determined on the basis of the 

with the network 106. Date communication to the mobile numeral data, the connection of the communication circuit is 

station 103 also includes communication for notifying the established. If it is assumed that this timing exists at prede- 

mobile station 103 of a transmission and reception timing at termined time intervals, the time intervals are regarded as 

which the fixed station 101 performs a transmitting and 35 time slots, and the time intervals can be used in the TDMA. 

receiving process of a communication radio wave and that However, in communication from the plurality of mobile 

the communication radio wave from a specific mobile stations 103, the same timing is selected by the plurality of 

station 103 has been received/processed. mobile stations 103, and congestion of circuits is expected. 

A specific fixed station which serves as a source of the This problem can be solved by the following methods, 
common time references of the radio stations constituting 40 111 at is, when the mobile station 103 uses the timings at a 
the communication system according to the present inven- time interval of 1 second, or when a plurality of timings (to 
tion and serves as the positional reference for the fixed be referred to as extended reception timings hereinafter) 
stations and the relay stations can be defined as the main obtained by adding a delay which is integer times 1/several 
fixed station 102. The lime reference of the relay station 104 tens of one cycle of, e.g., a PRN sequence code to the 
is synchronized with the time reference of the main fixed 45 timings are notified to the mobile station by the fixed station 
station 102 by using communication radio waves 107 and in advance, a communication radio wave is transmitted in 
108 between the main fixed station and the relay station. The synchronism with an extended reception timing which is 
communication radio wave 107 may be used together with irregularly selected from the extended reception timings, the 
the distance measuring radio wave 113. Although it is probability of causing the same PRN sequence code to reach 
assumed that the communication radio wave 108 from the 50 the fixed station in an overlapping stale is considerably 
main fixed station 102 is especially used for synchronization reduced. Therefore, the probability of interference between 
of the time references between the radio stations, when the communication radio waves considerably reduces, even if a 
communication radio wave 108 is almost the same as the noise level is slightly influenced by the above situation, 
communication radio wave 110, the arrangement of the main FIG. 8 shows timings at which the heads of a plurality of 
fixed station 102 is the same as that of a general fixed station 55 radio waves subjected to spectmm spreading by one PRN 
101 except that an extremely stable clock is set in the main sequence code reach the fixed stations. In spectrum spread- 
fixed station 102. ing communication, if a PRN sequence code used in spec- 

In this case, the fixed stations 101 can synchronize time irum spreading of transmitted radio waves is not the same as 

references between all the fixed stations and between all the the PRN sequence code used in inverse spectrum spreading, 

relay stations having communication circuits established 60 original data cannot be demodulated as a matter of course, 

therebetween, and at least four fixed stations 101 receive a At the same time, the liming of the inverse spectrum 

distance measuring radio wave from one relay station 104 to spreading code must be shifted such that the time of the 

be able to determine the positions of the relay station 104 at epoch of the PRN sequence code superposed on the received 

respective timings on the basis of the arrival time difference radio waves is equal to the lime of the epoch of the PRN 

between distance measuring radio waves. 'Ilie main fixed 65 sequence code for inverse spreading. Therefore, when the 

station 102 performs control, circuit assignment, and the like fixed station 101 performs epoch searching for a portion 

for the entire communication system according to the near an extended reception timing 302 generated with 
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respect to a reception tuning 301 in FIG. 8, radio waves 
other than the radio wave synchronized with the reception 
liming are not demodulated by inverse spreading, and most 
of the radio waves are processed as noise. In this case, the 
extended reception liming is obtained by adding a delay 5 
which is integer times 1/several lens of one cycle of the PRN 
sequence code to the reception timing, and it is regarded that 
the radio waves which are delayed at this liming and 
received have almost no correlation each other. Therefore, in 
the fixed station 101 which performs a receiving/processing 30 
operation by using only the above designated timing, only 
the radio wave transmitted from the mobile station 103 by 
using the designated timing is received and processed. 

More specifically, one CDMA circuit is time-divided at 
the reception liming 301, and each mobile station 103 35 
transmits a radio wave such that communication radio waves 
are accommodated in a time slot 300 between the reception 
timings 301. In order to increase the degree of freedom of 
circuit connection, the following receiving/processing 
operation is performed. Thai is, the extended reception 20 
liming 302 is set, only the synchronous radio wave 303 
which reaches in synchronism with the extended reception 
timing 302 is demodulated, and an asynchronous radio wave 
304 which is not synchronized with the extended reception 
liming 302 is processed as noise. As described above, a 25 
delay time of the extended reception timing from the recep- 
tion timing may be set to a lime which is integer times 
1/several tens of one cycle of the PRN sequence code and 
may be smaller than one cycle of the PRN sequence code. 

The principle of the circuit connection method for a 30 
time-synchronous communication system in a case wherein 
the mobile station 103 transmits a radio wave to a specific 
fixed station 101 and a case wherein the mobile station 103 
receives and processes only a radio wave from a specific 
fixed station 101 has been described above. In order to 35 
eflSciently realize the communication system, a relatively 
stable clock is preferably employed on the mobile station 
side. In this case, the frequency of the time-synchronization 
and maintaining operation on the mobile side can be 
reduced. As a result, the eCBciency of use of communication 40 
circuit can be improved. 

As has been described above with reference to the above 
embodiments, according to the first aspect (claims 1 to 3) of 
the present invention, time synchronization between a fixed 
station and a mobile station and a transmission/reception 45 
timing on the fixed station side are set, any one of fixed 
station transmission/reception timings notified to the mobile 
station is selected, and a transmitting/receiving operation is 
performed on the basis of the fixed station transmission/ 
reception timing, so that the mobile station can select a 50 
destination station in communication. Transmission of an 
inquiry (polling) radio wave or the like becomes 
unnecessary, the efficiency of use of a communication circuit 
can be improved. In addition, when the number of appro- 
priate reception timings is only increased, the probability of 55 
interference of communication radio waves can be reduced. 
According to the second aspect (claims 4 to 6), a time- 
synchronous communication system having the same func- 
tion as that of the first aspect of the present invention can be 
realized while omitting relay stations. According to the third 60 
aspect of the present invention (claims 7 and 8), a lime 
reference synchronization and maintaining means and a 
distance measuring radio wave transmitting/processing 
means are arranged in a relay station, and distance 
measuring/time reference synchronization and maintaining 65 
means are arranged in a mobile station and a fixed station. 
For this reason, not only the function of the communication 
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system according to the first aspect of the present invention 
can be strengthened, but also a self-contained function 
serving as a position-measuring system can be achieved. 
What is claimed is: 

1. A time -synchronous communication system compris- 
ing a plurality of mobile stations, a plurality of relay stations, 
and a plurality of fixed stations, for performing spectrum 
spreading and inverse spectrum spreading to communication 
radio waves to perform bidirectional communication 
between said mobile stations and said fixed stations through 
said relay stations, 

each fixed station comprising: 

time reference synchronization and maintaining means 
for accurately maintaining a time reference which 
can be synchronized with time considered as a 
common time reference in said communication 
system, 

receiving/processing means for inversely spreading 
only a spectrum-spread radio wave which is syn- 
chronized with a start epoch of a receiving/ 
processing operation determined on the basis of the 
common time reference that is a fixed station recep- 
tion timing to perform the receiving/processing 
operation, and 
transmitting/processing means for transmitting a 
spectrum-spread radio wave obtained by superpos- 
ing fixed station circuit control data including a fixed 
station position, a fixed station transmission timing, 
or the fixed station reception timing which is 
required to determine a mobile station transmission 
timing on the mobile station side and general infor- 
mation provided from said fixed stations to said 
mobile stations to said mobile stations through said 
relay stations; 
each mobile station comprising: 

time reference synchronization and maintaining means 
for maintaining a local time reference synchronized 
with the common time reference, 
receiving/processing means for receiving and process- 
ing only a spectrum -spread radio wave which is 
synchronized with a mobile station reception timing 
determined on the basis of a radio wave propagation 
time between said mobile station and the fixed 
station calculated on the basis of a fixed station-relay 
station distance and a relay station-mobile station 
distance related to a relay station selected as relay 
means and the fixed station transmission timing in 
the fixed station circuit control data of a fixed station 
selected as a destination receiver, and transmitting/ 
processing means for transmitting a spectrum-spread 
radio wave which is synchronized with a mobile 
station transmission timing determined on the basis 
of a radio wave propagation time between said 
mobile station and said fixed station and the fixed 
station reception timing in the fixed station circuit 
control data of a fixed station selected as a specific 
transmitter; 
each relay station comprising: 

relay means for receiving a spectrum -spread radio 
wave from an unspecific mobile or fixed station to 
transmit the spectrum -spread radio wave to said 
unspecific fixed or mobile station, and 
transmitting/processing means for notifying relay sta- 
tion orbit data required to calculate local positions at 
respective times; 
wherein said each mobile station is designed to select a 
specific fixed station communication radio wave from 
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communicatioD radio waves iransmitied from said plu- 
rality of fixed stations by detenniniog the mobile 
station reception timings to receive and process the 
specific fixed station communication radio wave, and 
select a specific relay station and a specific fixed station 
from said plurality of relay stations and said plurality of 
fixed stations by controlling the mobile station trans- 
mission timings to be synchronized with a reception 
timing determined by said specific fixed station to 
transmit and process a mobile station communication 
radio wave. 

2. The time -synchronous communication system accord- 
ing to claim 1, the time-synchronous communication system 
comprising a main fixed station that is designed to transmit 
a radio wave synchronized with a common time reference in 
said communication system, 

3. The time-synchronous communication system accord- 
ing to claim 1, wherein the fixed station-relay station dis- 
tance and the relay station-mobile station distance are cal- 
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mined on the basis of a radio wave propagation time 
between said mobile station and said fixed station 
and the fixed station reception timing in the fixed 
station circuit control data of a fixed station selected 
as a specific transmitter; and 
wherein said each mobile station is designed to select a 
specific fixed station communication radio wave from 
communication radio waves transmitted from said plu- 
rality of fixed stations by determining the mobile 
station reception timings to receive and process the 
specific fixed station communication radio wave, and 
select a specific fixed station from said plurality of 
fixed stations by conlrolling the mobile station trans- 
mission timings to be synchronized with a reception 
timing determined by said specific fixed station to 
transmit and process a mobile station communication 
radio wave. 

5. The time-synchronous communication system accord- 



ing to claim 4, the time-synchronous communication system 

culated on the basis of orbit data of said relay station and a 20 comprising a main fixed station that is designed to transmit 

propagation time of a distance measuring radio wave trans- a radio wave synchronized with a common time reference in 

mitted from a GPS satellite. said communication system. 

4. A time -synchronous communication system compris- 6. The time -synchronous communication system accord- 
ing a plurality of mobile stations and a plurality of fixed ing to claim 4, wherein the fixed station-mobile station 
stations, for performing spectrum spreading and inverse 25 distance is calculated on the basis of a propagation time of 
spectrum spreading to communication radio waves to per- a distance measuring radio wave transmitted fi-om a GPS 
form bidirectional communication between said mobile sta- satellite. 

tions and said fixed stations, 7, A time-synchronous communication system compris- 

each fixed station comprising: ing a plurality of mobile stations, a plurality of relay stations, 

time reference synchronization and maintaining means 30 and a plurality of fixed stations, for performing spectrum 



for accurately maintaining a time reference which 
can be synchronized with time considered as a 
common time reference in said communication 
system, 

receiving/processing means for inversely spreading 35 
only a spectrum-spread radio wave which is syn- 
chronized with a start epoch of a receiving/ 
processing operation determined on the basis of the 
common time reference that is a fixed station recep- 
tion timing to perform the receiving/processing 40 
operation, and 

transmitting/processing means for transmitting a 
spectrum-spread radio wave obtained by superpos- 
ing fixed station circuit control data including a fixed 
station position, a fixed station transmission timing, 45 
or the fixed station reception timing which is 
required to determine a mobile station transmission 
timing on the mobile station side and general infor- 
mation provided from said fixed stations to said 
mobile stations to said mobile stations; 50 
each mobile station comprising: 

time reference synchronization and maintaining means 
for maintaining a local time reference synchronized 
with the common time reference, 

receiving/processing means for receiving and process- 55 
ing only a spectrum -spread radio wave which is 
synchronized with a mobile station reception timing 
determined on the basis of a radio wave propagation 
time between said mobile station and the fixed 
station calculated on the basis of a straight distance 
between said fixed station and said mobile station 
and the fixed station transmission timing in the fixed 
station circuit control data of a fixed station selected 
as a destination receiver, and 

transmitting/processing means for transmitting a 
spectrum -spread radio wave which is synchronized 
with a mobile station transmission timing deter- 



60 



65 



Spreading and inverse spectrum spreading to communication 
radio waves to perform bidirectional communication 
between said mobile stations and said fixed stations through 
said relay stations, 

each fixed station comprising: 

distance measuring/time reference synchronization and 
maintaining means for receiving a distance measur- 
ing radio waves from said plurality of relay stations 
to measure a relay station-fixed station distance and 
synchronize a local time reference with a common 
time reference in said communication system, 
receiving/processing means for inversely spreading 
only a spectrum-spread radio wave which is syn- 
chronized with a start epoch of a receiving/ 
processing operation determined on the basis of the 
common time reference that is a fixed station recep- 
tion timing to perform the receiving/processing 
operation, and 
transmitting/processing means for transmitting a 
spectrum-spread radio wave obtained by superpos- 
ing fixed station circuit control data including a fixed 
station position, a fixed station transmission timing, 
or the fixed station reception timing which is 
required to determine a mobile station transmission 
timing on the mobile station side and general infor- 
mation provided from said fixed stations to said 
mobile stations to said mobile stations through said 
relay stations; 
each mobile station comprising: 
distance measuring/time reference synchronization and 
maintaining means for receiving the distance mea- 
suring radio waves from said plurality of relay 
stations to measure a relay station-mobile station 
distance and synchronize a local time reference to a 
common time reference, 
receiving/processing means for receiving/processing 
only a spectrum-spread radio wave which is syn- 
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cbronized with a mobile station reception timing 
determined on the basis of a radio wave propagation 
time between said mobile station and the fixed 
station calculated on the basis of a fixed staiion-relay 
station distance and a relay station-mobile station s 
distance related to a relay station selected as relay 
means and the fixed station transmission timing in 
the fixed station circuit control data of a fixed station 
selected as a destination receiver, and 

transmitting/processing means for transmitting a lO 
spectrum-spread radio wave which is synchronized 
with a mobile station transmission timing deter- 
mined on the basis of a radio wave propagation time 
between said mobile station and said fixed station 
and the fixed station reception timing in the fixed 15 
station circuit control data of a fixed station selected 
as a specific transmitter; 
each relay station comprising: 

relay means for receiving a spectrum-spread radio 
wave firom an unspecific mobile or fixed station to 20 
transmit the spectnmi -spread radio wave to said 
unspecific fixed or mobile station, 

lime reference synchronization and maintaining means 
for accurately synchronizing the local time reference 
with the common time reference to maintain the 25 
local time reference, and 

distance measuring radio wave transmitting/processing 
means for transmitting a distance measuring radio 
wave in synchronism with the local time reference 
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and notifying relay station orbit data required to 
calculate local positions at respective times; 
wherein said each mobile station is designed to select a 
specific fixed station communication radio wave from 
communication radio waves transmitted from said plu- 
rality of fixed stations by determining the mobile 
station reception timings to receive and process the 
specific fixed station communication radio wave, and 
select a specific relay station and a specific fixed station 
from said plurality of relay stations and said plurality of 
fixed stations by controlling the mobile station trans- 
mission timings to be synchronized with a reception 
timing determined by said specific fixed station to 
transmit and process a mobile station communication 
radio wave; and 
wherein said each fixed station and said each mobile 
station are designed to measure arrival timings of 
distance measuring radio waves transmitted from a 
GPS satellite and said relay stations or only said relay 
stations to perform independent position measurement/ 
lime synchronization. 
8, The time-synchronous communication system accord- 
ing to claim 7, the time-synchronous communication system 
comprising a main fixed station that is designed to transmit 
a radio wave synchronized with a common time reference in 
said communication system. 
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